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A b s t r a c t . A hexagonal CdSe c r y s t a l i s e x c i t e d w i t h picosecond 
Nd:glass l a s e r pulses. Two-photon absorption and resonant non-
phasematched second harmonic generation occur simultaneously. 
Using d i f f e r e n t c r y s t a l o r i e n t a t i o n s a l l components of the se-
cond harmonic s u s c e p t i b i l i t y tensor and some components of the 
two-photon absorption s u s c e p t i b i l i t y tensor are determined. 
1. I n t r o d u c t i o n 
Two-photon absorption (TPA) and second harmonic generation 
(SHG) occur simultaneously when picosecond l i g h t pulses of a 
Nd:glass l a s e r (wavelength A L = 1 . 0 5 4 jam, d u r a t i o n At^ * 6 ps) 
pass through a hexagonal CdSe c r y s t a l ( w u r t z i t e s t r u c t u r e 6mm 
poin t symmetry). 
Previous TPA studie s are summarized i n [ 1 , 2 ] . The s i m u l t a -
neous occurrence of TPA and SHG i s studi e d s c a r c e l y [ 3 , 4 ] . Ex-
c i t e d s t a t e absorption of the two-photon generated c a r r i e r s 
was observed f o r nanosecond e x c i t a t i o n pulses [ 4 , 5 ] . 
I n t e n s i t y dependent t r a n s m i s s i o n measurements of the pump 
l a s e r and second harmonic conversion e f f i c i e n c y measurements 
are c a r r i e d out to separate TPA and SHG. A d e t a i l e d t h e o r e t i -
c a l treatment i s given elsewhere [6]. 
2. Experimental 
S i n g l e picosecond l i g h t pulses separated from a p a s s i v e l y 
mode-locked Nd:phosphate g l a s s l a s e r were a p p l i e d i n the ex-
periments. The s i z e of the CdSe c r y s t a l (from Cleveland Cry-
s t a l s Inc., selenium t r e a t e d f o r high r e s i s t i v i t y ) was 1 2 * 1 2 x 
1 0 mm wit h the c-axis p a r a l l e l to a 1 2 mm edge. Energy t r a n s -
mission measurements of the pump l a s e r (Tg) and SHG energy 
conversion e f f i c i e n c y measurements (DE) were performed. Four 
d i f f e r e n t i n t e r a c t i o n schemes of the pump pulses with the 
c r y s t a l were studied (see Table 1 ) to determine a l l non-zero 
SHG s u s c e p t i b i l i t y components d^j [ 7 ] and some TPA c o e f f i c i -
ents a J ? J . . 
l j k l 
3 . R e s u l t s 
The T E and HE r e s u l t s of the oo+e i n t e r a c t i o n (wavevector k^X 
c - a x i s and e l e c t r i c f i e l d s t r e n g t h EL±c-axis) are presented i n 
F i g . l . The pump pulse r e d u c t i o n by second harmonic generation 
i n U l t r a f a s t Phenomena V I I , e d i t e d by C. B. H a r r i s , E. P. Ippen, G. A. Mourou 
and A. H. Z e w a i l , S p r i n g e r S e r i e s i n P h y s i c s 53 ( S p r i n g e r - V e r l a g , B e r l i n , 1 9 9 0 ) 
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F i g . l : o o: Energy t r a n s m i s s i o n T E. A A: SHG energy con-
v e r s i o n e f f i c i e n c y TIE- °°"*e i n t e r a c t i o n . Sample length £=1 cm. 
F i t parameters see Table 1. 
i s estimated to be Tj? gHG * l - r i E ^ a 2 where % i s the sample 
length and ot2 the l i n e a r a b s o r p t i o n c o e f f i c i e n t a t the second 
harmonic frequency (ordinary ray o: (X2 0 " 1.2*105 cm"^, e x t r a -
o r d i n a r y ray e: a2e * 1.5><105 cm"1 [8,9]). TIE i s found to be 
two orders of magnitude too small to i n f l u e n c e the energy 
t r a n s m i s s i o n Tg. 
The experimental p o i n t s i n F i g . l are f i t t e d by t h e o r e t i c a l 
curves [6]. The Tg curves i n c l u d e no e x c i t e d s t a t e absorption 
and the good f i t to the experimental data i n d i c a t e s t h a t an 
absorption of the two-photon generated c a r r i e r s i s n e g l i g i b l e 
at A L = 1054 nm. 
In Table 1 the i n v e s t i g a t e d c r y s t a l o r i e n t a t i o n s r e l a t i v e 
to the l a s e r pulses, the SHG i n t e r a c t i o n processes, and the 
f i t t e d SHG s u s c e p t i b i l i t y c o e f f i c i e n t s dj_j and TPA c o e f f i c i -
ents a f ^ i are l i s t e d . 
4. Conclusions 
In non-centrosymmetric c r y s t a l s TPA and resonant non-phase-
Table 1: I n t e r a c t i o n schemes and corresponding SHG and TPA 
c o e f f i c i e n t s . T^ / X (Tj? z) i s tra n s m i s s i o n of l a s e r l i g h t po-
l a r i z e d J-(||) to c - a x i s ! 
O r i e n t a t i o n I n t e r - SHG • TPA 
(E L,c) a c t i o n (2) I j k l 
(degrees) (degrees) (10 n m V""1 ) (10" 1 0m w"1) 
0 90 a { 2 ) :1.8 + 0.3 
xxxx — 
90 90 oo+e d 3 1:2.5+0.3 a ( 2 ) :1.8+0.3 xxxx — 
90 0 ee*e d 3 3:3.9+0.3 a ( 2 ) :1.8+0.3 zzzz — 
90 45 oe+o d 1 5:2.3+0.3 
T E , 
(2) : a and x xxxx 
(2) a xzzx +a
 ( 2 ) :0.3+0.3 





matched second harmonic generation occur simultaneously. Ener-
gy t r a n s m i s s i o n and second harmonic conversion e f f i c i e n c y 
measurements are necessary to separate the c o n t r i b u t i o n s of 
the SHG and the TPA to the nonlin e a r t r a n s m i s s i o n . 
The measured energy transmissions of CdSe versus input pump 
pulse peak i n t e n s i t y may be used as c a l i b r a t i o n curves f o r the 
peak i n t e n s i t y d e t e c t i o n of picosecond l i g h t pulse by energy 
tr a n s m i s s i o n measurements [10]. 
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